We performed a comprehensive angle-resolved photoemission spectroscopy study of the electronic band structure of LaOFeAs single crystals. We found that samples cleaved at low temperature show an unstable and highly complicated band structure, whereas samples cleaved at high temperature exhibit a stable and clearer electronic structure. Using in-situ surface doping with K and supported by first-principles calculations, we identify both surface and bulk bands. Our assignments are confirmed by the difference in the temperature dependence of the bulk and surface states.
I. INTRODUCTION
Despite an earlier study 1 reporting superconductivity at 5 K in LaOFeP with the so-called 1111 crystal structure, the discovery of a superconducting critical temperature T c of 26 K in F-doped LaOFeAs 2,3 with the same structure is generally used to mark the beginning of the era of the Fe-based superconductors, and up to now the 1111 family is still the one exhibiting the highest T c 's in bulk single crystals at ambient pressure among all Fe-based superconductors 4, 5 . Understanding why high-T c superconductivity is favored in this system is important but requires a good characterization of its electronic structure. However, the 1111 samples show a polarized cleaved surface that results from both [LaO] +1 and [FeAs] −1 surface termination layers. This leads to a surface reconstruction after cleaving 6, 7 . One possible reconstruction involves a charge transfer from the bottom surface layer to the top surface layer, with a 0.5e charge transfer 6 , as illustrated in Fig. 1(a) , which resembles the polar surface issue encountered in YBa 2 Cu 3 O 7−δ samples 8 . Consequently, the coexistance of surface and bulk electronic states complicates the measurement of the intrinsic electronic structure by angle-resolved photoemission spectroscopy (ARPES) [9] [10] [11] [12] [13] [14] [15] . Typical ARPES results always show a large hole pocket around the Brillouin zone (BZ) center (Γ), although electron pockets around Γ have also been reported 13 . In this paper, we present a detailed investigation by ARPES of the electronic band structure of the parent compound LaOFeAs. We show that the band structure depends on the sample cleaving temperature, possibly due to the surface reconstruction. In particular, hightemperature cleaving produces a stable band structure. Supported by local density approximation (LDA) calculations, we distinguish both surface and bulk states. Upon doping the surface in-situ with K, we clearly observed different energy shifts of surface and bulk states on both the core levels and the valence states. We also use temperature-dependent measurements to show that the surface and bulk states evolve differently, thus confirming their assignment. Our results provide a good starting point for extracting the key ingredients responsible for the high T c of the 1111 ferropnictide superconductors.
II. EXPERIMENT
High-quality single-crystals of LaOFeAs were grown with NaAs flux. This material shows a structural transition at T S = 155 K and a magnetic transition at about T S = 137 K 2,16 . ARPES measurements were performed at the Advanced Light Source, beamlines BL12 and BL4, using VG-Scienta electron analyzers. The energy resolution was set to 15 meV and the angular resolution was set to 0.2
• . The experimental geometry is shown in Fig.  1(b) . All measurements of the valence bands presented in this paper were performed at 80 eV, except mentioned otherwise. Clean surfaces for the ARPES measurements were obtained by cleaving the samples in situ in a working vacuum better than 7 × 10 −11 Torr. We use the tight binding model in Ref. [17] with a manual shift of onsite energies and hopping parameters for the d xy and d z 2 orbitals to match the experimental data.
III. IMPACT OF THE CLEAVING TEMPERATURE
We found that the observed band structure of LaOFeAs is strongly affected by the sample cleaving temperature. In Fig. 2 , we compare the band structure measured on samples cleaved at 15 K and 170 K, and show their evolution with recording time. We notice extra bands for the samples cleaved at 15 K as compared to the samples cleaved at 170 K, as well as band shifts with the recording time. Furthermore, the bands very close to Γ in the low-temperature cleaved samples are observed at higher binding energies, which implies an electron doping. However, the outer hole band centered at Γ is very large, suggesting over-hole doping. This suggests complicated sets of bands belonging to layers near the surface for the low-temperature cleaved samples. As the surface reconstructs with time, the charge on the polar surface is balanced gradually, and the band structure for the lowtemperature cleaved samples tends to be more bulk-like. In contrast, we did not observe any significant change after 10 hours of measurements for the samples cleaved at 170 K. However, we notice a slight band shift between data recorded at 15 K and 50 K, which will be discussed below in Section V.
The different band structures and their evolution with recording time are sketched in Figs. 2(c) and 2(f). The band structure of the samples cleaved at 15 K evolves with time towards the one obtained on the samples cleaved at 170 K, indicating that there is a slow reconstruction on the cleaved surfaces that relaxes much faster at high temperature. We conclude that the surfaces obtained by cleaving the samples at high temperature are more representative of the intrinsic properties of LaOFeAs, and hereafter we focus mainly on the samples cleaved at 170 K.
The full band structure of samples cleaved at 170 K is shown in Fig. 3 . From the FS mapping in Fig. 3(a) , we distinguish one large FS and two small FSs at the Γ point, as well as four symmetric hot spots at M. By comparing the intensity plots at different binding energies, we further conclude that the four hot spots are hole-like. From the band structure along high-symmetry lines corresponding to cut #1, cut #2 and cut #3 in Figs. 3(b) -3(d), we distinguish nine bands, which are sketched in Fig. 3(d) . The very large hole FS actually consists of two bands, labeled b5 and b6. These two degenerated hole FSs are too large to account for the bulk doping and should thus be related to surface states induced by the charge transfer on the polar surface, as discussed below. The bands b1, b2 and b3 at Γ are consistent with the bulk calculations of the three t 2g orbitals, as shown in Fig. 3(e) .
There are two possible ways to explain the four holelike hot spots at M: i) If we simply ignore nematicity and use the calculations for the tetragonal phase, we obtain the FS shown in Fig. 3(g ) 21 . ii) By taking into account the orbital order 22,23 and a twin domain structure, we get the FS shown in Fig. 3(f) . Here we used a d-wave orbital order 21, 23 since no splitting is observed at Γ. The case shown in Fig. 3(g) can be excluded though since all the FSs are hole-like, which is incompatible with the zero nominal carrier doping of this parent compound. In the second option there is one big electron band at M in a single domain, which can help balancing the carrier concentration. This is the interpretation that we adopt hereafter. However, this electron band at M consists of d xy orbital character, which has bad coherence at M, and thus it is not present in the experimental data, as in the case of FeSe single crystals 23, 24 . Bands b9 and b7 should be d yz bands from different domains, and they are part of b2. Band b8 should carry a d xz orbital character from one domain. As with the d xy band, the other d xz band from the different domain at M is not observed.
We mark the observed bands in the LDA calculations in Fig. 3(e) . The bands not observed by experiments are drawn with thin lines. If we count the FS volume of the two degenerate hole FSs (b5/b6), we find 2×0.35e/Fe using the Luttinger theorem, which is much larger than the maximum charge transfer 0.5e/Fe induced by the polar surface, as shown in Fig. 1(a) . We speculate that the two hole FSs may come from different layers, or that there are some unobserved surface electron bands 13 .
IV. IN-SITU K DOPING
Evaporating K in-situ on the surface of samples is a technique that has been proved useful to electron-dope surfaces of high-temperature superconductors 8, 25 . It has also been used to kill some surface states in the Febased superconductors 26 . We thus apply this technique on LaOFeAs in order to help us distinguishing the surface and bulk components of the measured electronic structure. We first investigate the core level shifts with K doping time. Since the chemical environments at the surface and in the bulk are different due to the polar surface of LaOFeAs, the surface and bulk core levels should be different. Indeed, we see in Fig. 4(a) that the As 3d 3/2 and As 3d 5/2 core levels split into four peaks, labeled from P1 to P4. For a quantitative understanding, we fit the peaks with Lorentzian functions. The extracted peak positions and areas are shown in Fig. 4(b) . We find that P1 and P3 on one hand, and P2 and P4 on the other hand, form two pairs with a fixed peak intensity ratio, suggesting that one set of peaks belongs to the surface states whereas the other pair is associated with the bulk. While the positions of the P1 and P3 peaks do not change with K doping time, the positions of the P2 and P4 peaks move to higher binding energy, in agreement with an electron doping. Since surface states are more sensitive to in-situ K doping, we assign the P2 and P4 peaks to surface states, and attribute the P1 and P3 peaks to bulk states.
Next we use K doping to study the evolution of the valence states. The band structures before and after K doping are shown in Figs , we found that except for the broadening caused by the disordered K atoms, the most obvious change is the large downward shift of the b5/b6 bands, while other bands have no obvious shifts. To show the band change clearly, we display the MDC change at line #L1 (see Fig. 4 (c) for the energy location) with K doping time in Fig. 4(g) . A common feature in this panel is the weakening of intensity with K doping due to the disorder introduced by the K atoms. Nevertheless, our results show clearly that while the k F position of the b5/b6 bands shifts significantly with surface doping, the k F positions of the b2, b7 and b8 bands almost do not. As we did with the core levels, this observation indicates that the b5/b6 bands are from the surface, while the others are more bulk-representative.
V. TEMPERATURE DEPENDENCE
From the temperature evolution of the band structures displayed in Fig. 5 , we notice obvious band shifts, as reported previously for other Fe-based superconductors 19, 27, 28 . The band shifts cannot be attributed to the aging effect since we checked the band structure at 50 K (Fig.2 ) and 170 K (Fig.5) after a ther- the band structure at different temperatures at the M point. Under π polarization, the most obvious feature is the electron band b8, which is very strong and thus has a large intensity even below E F . The band structure under σ polarization is too weak [Figs. 4(c) and 4(e)] for the temperature dependent study and thus ignored.
VI. SUMMARY
In summary, we performed a detailed study of the band structure of the parent compound LaOFeAs. We identified both surface and bulk-representative states by cleaving the samples at 170 K. By doping the surface of LaOFeAs in-situ using K, we confirmed our classification of the surface and bulk states for the valence bands, and further proved this result by looking at their temperature evolution. Our results indicate a routine method for disentangling bulk and surface states in the Fe-based superconductors.
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